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Abstract

We present four wave mixing experiments on GaN. We find an intrinsic homogeneous broadening
of the A-exciton of 1.67 meV. A pronounced beating with a period of 0.52 ps is observed at excitation
energies between the A- and the B-exciton and corresponds to an energy splitting of 7.98 meV of A-
and B-exciton.

1. Introduction

Group Il - Nitrides based on GaN have recently been shown to have an enormous potential for optoelectronic
applications in the visible up to ultraviolet spectral range. Light emitting diodes (LEDs) [1] and laser diodes
(LDs) [2] [3] have been developed. Excitonic contributions have been shown to play an important role in the
emission processes of these devices [4]. The study of excitonic resonances with linear optical experiments is
often difficult. In particular, photoluminescence spectra are often dominated by bound excitons and free
exciton resonances are difficult to determine. In contrast, transient degenerate four wave mixing (FWM)
experiments are a well suited, nonlinear optical method to determine as well the excitonic resonance as its
dephasing time and thereby the homogeneous broadening of the resonance [5]. Additionally, small energy
splittings [6] can be determined with high precision even in the case of large inhomogeneous broadening. In
this article, we present transient FWM studies on wurtzite GaN and determine the dephasing time of the
A-exciton as well as the energy splitting of the A- and B-exciton.

2. Experimental details

We use a frequency doubled Kerr-lens modelocked Ti:sapphire laser with pulses of = 180 fs full width at half
maximum. The laser beam is divided into two parts which are temporally delayed with respect to each other
using a variable delay stage. The FWM experiment is performed in the two-pulse self diffraction configuration

in reflection geometry [5] shown schematically in Figure 1. The two begms are f_qcussed onto the sample with a

lens. The coherent interaction of the two pulses with the wavevectors 'Eﬁl and 'EGE generates there a third
order nonIin_ﬁear polarization giving rise to the FWM signal, which is coherently emitted into the phase - matched

direction EIEFE - 'Eﬁl . We detect the signal in reflection since the transmitted beam is scattered by the rough
surface of the substrate. The FWM signal is measured spectrally and temporally integrated as a function of the
time delay t between the two exciting pulses using a photomultiplier.
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The sample is a MOCVD grown, about 3 um thick layer of GaN deposited on a (0001) sapphire substrate with
the c-axis perpendicular to the surface plane [7]. It is kept in a Helium flow cryostat at a temperature of = 10 K.

3. Homogeneous linewidth of the A-exciton

First, we tune the energy of the exciting laser to the A-exciton resonance (3.494 eV) and measure the FWM
signal as a function of time delay in order to investigate the dephasing time of the A-exciton. A typical FWM
transient is shown in Figure 2. The decay of the FWM signal towards positive time delay yields the dephasing
time T, of the exciton. We obtain a T, of 0.58 ps according to: Ty = 2 Tgecay: Where Tgecqy is the single

exponential decay time. The homogeneous broadening I') of the A-exciton for these excitation conditions is

then 2.3 meV, according to £t = Eﬁ'frTE (we assume here the limit of homogeneous broadening since the
sample does not exhibit a Stokes shift and the linewidths obtained from linear optical measurements are
comparable to the homogeneous broadening that we obtain).

We perform measurements of the homogeneous broadening as a function of both, temperature and exciton
density, respectively, in order to separate the effects of exciton - phonon and exciton - exciton scattering. The
homogeneous broadening Iy, exhibits a linear dependence on temperature T and on exciton density ny [5]

[8]: Thom(T:nx) =Tgp + YpnT + Yxx@b3EpNy, at low temperatures when acoustic phonon scattering is the

dominant scattering mechanism varying with temperature and at low densities when exciton-exciton scattering
varies with density. The intrinsic homogeneous broadening I'gg accounts for scattering of excitons with crystal

defects, Yph and y,, are a measure for scattering of excitons with acoustic phonons and scattering with other
excitons, respectively. Finally, ag = 3.6 nm is the Bohr radius of the exciton and Eg = 20 meV [9] is its binding

energy. The temperature dependence (a, for two different excitation densities) and the density dependence
(b), for two different temperatures) of I'yq, are shown in Figure 3a. From a linear fit to all our data, we find ' =

1.73 meV, yp = 8.2 peVIK, and yy = 2.2. Stanley Pau and coworkers found on a different sample a value for
oo Which is about 4 times smaller than our value. [9] They also find an about three times stronger density

dependence and no temperature dependence of the homogeneous broadening. However, it should be noted
that propagation effects (exciton-polaritons) might play an important role for the measured decay times of the
FWM signal [10]. We expect, however, that for our experiments which are performed in reflection geometry
these effects are less important than in transmission [11]. The influence of propagation effects will be subject
of future studies.

Second, we study the influence of the photon energy of the exciting laser on the FWM transients. A set of
FWM transients for different excitation energies between 3.491 eV and 3.515 eV is shown in Figure 4. For
excitation energies between the A- and B-exciton resonance, the transients exhibit strong modulations with a
period of 0.52 ps. These modulations originate from the coherent excitation of both the A- and B-excitons with
the spectrally broad laser pulse. The modulations are caused either by polarization interference or by real
guantum beats between the A-exciton and the B-exciton. In both cases, the beat period 15g of the

modulations directly provides the energy splitting Apg of A-exciton and B-exciton: AEag = h/tpg, and we obtain
accordingly a value of AEpg = 7.98 meV in our sample. This value is in the same range as well as the energy
splitting of A- and B- excitons obtained on similar [7] and also on different samples [12].

4. Conclusions

In conclusion, we present first transient four wave mixing studies on GaN with wurtzite structure. We find an
intrinsic homogeneous broadening of 1.67 meV for the A-exciton. A pronounced beating is observed in the
four wave mixing transients when the energy of the exciting laser is tuned between the A-exciton and the
B-exciton. The beat period yields an energy splitting of 7.98 meV of the A- and the B-exciton.
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